Abstract -This paper presents a study done on the catchment area of the Têt, main river of the Pyrénées-Orientales (P-O, south of France). As much of other Mediterranean coastal rivers, the hydrological system of the Têt river presents lowest water level long periods, intercepted by violent and devastating short rising period, essentially due to rain. This contrasted system, is precisely one of the main reason for which the researchers are interested in the coastal rivers like the Têt. Most of the pollution contributions to the sea is carried out during these flash-risings which are difficult to follow with both tradionnal sampling strategies and reliable mathematical models. So, this article presents in a first part, the implementation and the results of a rain flow model development, allowing to know the flow state at a precise point of the river. In a second part, a qualitative prediction is implemented in the WasteWater Treatment Plant of Perpignan (main city of the P-O) allowing to know the water biological state. Parameters used for the prediction are easily online measurable and allow the COD prediction at the WWTP exit of Perpignan, which is a parameter not easily online measurable. Both of these models are implemented with Recurrent Neural Network tools. The last part of this article shows the integration of these models in a GIS, allowing a real time visualization and supervision of the bassin.
I. INTRODUCTION
For many years, the hydraulic resources management, the WasteWater Treatment Plants efficiency (WWTPs) and the rejects quality in natural environment are major concerns. Indeed, a bad management, as well qualitative as quantitative, of available resources or a faulty treatment unit working can have an extremely negative impact on both environment (fauna and flora) and health fields.
The work presented by this paper takes part in a global development and evaluation of reliable and robust tools. These tools allow real time controlling and supervising of the Têt catchment's area, the main river of the Pyrénées-Orientales (P-O) department (south of France). The impact of the Têt river on the life of the department is significant and the management of its water quality must be largely improved and better supervised. This work is focalised on two principal axes:
• A "rain flow" predictive model development, based on the identification of localized rain events and allowing to understand the dynamic evolution of flows in various characteristic points of the river and of catchment's area main WWTPs influent flows.
• A predictive model development allowing the real time identification of parameters characterizing the water biological state (for the river and the main treatment plants effluents). These parameters, not easily on line measurable, are the Biochemical Oxygen Demand (BOD), the Chemical Oxygen Demand (COD), the Suspended Solids (SS) and the Ammonia (NH 4 ). Their real time estimation provides capital information and allow a fast and efficient action in case of problem.
These two models are integrated into a Geographical Information System (GIS) allowing, via the development of a convivial and intuitive graphical user interface, the synthesis of all the hydrological and qualitative information of the catchment's area as well as the reference flows estimation and control on the hydrographical network.
II. MATERIALS AND METHODS

A. Study site
The Têt river which originates from the Carlit mountain, is the main coastal river located in the part Eastern of the Pyrenees (Fig. 1) . It extends on 120km, covers a catchment area of 1380km². It presents a lengthened form, of East-West orientation. Two quite distinct parts are to be considered:
• Its upstream, the mountainous part, where the river runs from the Carlit Massif to the Vinça's dam. Average • Its downstream, from Vinça, to the sea while passing close to Canet-en-Roussillon. Average altitude is 280m, and an average slope of 8.9° [LUD, 03] .
The Têt river has many affluents. Some of them have an important flow contribution during rainy days. It is important to distinguish the right side from the left one. The right side affluents drain 548km² and the left side affluents drain 304km². Their impact in the river flow is not equivalent, because of their orientations. So, the river left side presents lowest water level because of its low slope than the right, bringing a less abundant tribute to the Têt course. Small affluents were neglected that involve a hydrographic network clearness.
B. Geographical Information System (GIS)
A GIS is a computer system capable of capturing, storing, analyzing, and displaying geographically referenced information; that is, data identified according to location. Practitioners also define a GIS as including the procedures, operating personnel, and spatial data that go into the system. Most of the information we have about our world contains a location reference, placing that information at some point on the globe. When rainfall information is collected, it is important to know where the rainfall is located [TOD, 02; ASP, 00] . This is done by using a location reference system, such as longitude and latitude, and perhaps elevation. Comparing the rainfall information with other information, such as the location of marshes across the landscape, may show that certain marshes receive little rainfall. This fact may indicate that these marshes are likely to dry up, and this inference can help us make the most appropriate decisions about how humans should interact with the marsh. A GIS, therefore, can reveal important new information that leads to better decision-making [BRE, 99] . GIS uses layers, called "themes," to overlay different types of information, much as some static maps use mylar overlays to add tiers of information to a geographic background. Each theme represents a category of information, such as roads or forest cover. As with the old mylar maps, the layers which are underneath remain visible while additional themes are placed above. The design can be developed in the following way:
• Abstraction: consisting of the modelling of information.
• Acquisition: allowing to recover existing information by various sources, and to feed the data base.
• Filing: stores the data in order to find them and question them easily.
• Analysis: allowing to answer the requests, it is the heart even SIG.
• Posting: allowing the graphic restitution.
There are two models of the geographical data descriptions :
• Vector Mode: corresponding to a regular space division in points, lines, arcs and polygons. Each space object is equipped with an identifier which makes it possible to connect it to a table assignee. The geographical data are represented using geometrical forms (linear, specific or surface).
• Raster Mode: reality is broken up in a matrix, i.e. a chart will be made up of pixels (or quantifies) carrying each one information on the object which it indicates. This information is put in the form of colour or of level of gray. The raster mode applies to the satellite images or the air photographic.
C. Elman Reccurent Networks
Recurrent neural network are composed with feedback connections among some or all neurons which from closed loops in the network topology [COU, 04] . The architectural layout of a recurrent network takes many different forms. However, the popular way to recognize sequences has been to use partially recurrent network. In this case, the network connections are mainly feedforward, but include a carefully chosen set of feedback connections. Networks introduced by Elman is like a multi layer recurrent network structure with additional feedback loops for implementing the dynamics [ELM, 90] . The recurrent multilayer network dynamic is illustrated on the Fig. 2 . Thus, this kind of network learns the past information characterizing subjective inputs. It proved to be a judicious choice by its capability to dynamically exploit the impact, over several days, that a rain phenomenon can have on various studied flows. Indeed, incremented flows, for instance, can be picked after the end of the phenomenon. When the output layer is fedback, the network output at a moment t depends on both inputs at this moment t and output at moment t-1 [SEK, 03] . The intermediate or output layer fedback allows taking into account past information: the prediction done by a recurrent network depends on presented samples (at moment t) but also on previous samples (i.e. the entire database characterized by past information). It is an interesting characteristic allowing for every considered input series to take into account all past values of this series to carry out the prediction. • Initial state (Fig. 2 (A) • Time t (Fig. 2 (B) ): The 2 feedback neurons take the pervious instant value of the intermediate neurons.
C. Multi Level Perceptron (MLP)
Thus, the used neural network is a multi-level perceptron (Fig. 3 ). This type of neural network is known as a supervised network because it requires a desired output in order to learn. The MLP and many others neural networks learn using an algorithm called "back propagation". With this algorithm, the input data are repeatedly presented to neural network. With each presentation the neural network output is compared to the desired output (the target) and an error is computed. This error is then fed back to the network and used to adjust the weights such that the error decreases with each iteration and the neural model gets closer and closer to producing the desired output. The minimization algorithm uses an iterative process and various weight values are explored with the aim of minimizing the quadratic criterion on the sum of squared error made during the learning phase. Several training methods were used, but the Levenberg-Marquardt (LM) algorithm proved to be the fastest and the most robust. The error in the LM algorithm decreases much more rapidly with time than in the other algorithms used. It is particularly adapted for networks of moderate size and has memory reduction feature for use when the training set is large.
III. RESULTS AND DISCUSSION
In an integrated system of GIS, simulation modeling and computer visualization, each technology contributes to the system with distinctive features. GIS provides the functions that allow a user to examine the spatial relationships among entities. Simulation modeling is capable of representating the dynamic relationship between cause and effect. The strengh of visualization is to represent data in a way that may reveal patterns and relationship that are hard to detect using non-visual approaches such as text and tables [XIN, 02] . Fig. 3 . Multi-level perceptron structure
A. Rain flow model
The development of the hydrologic model allows a dynamical flow estimation. This is done by using rainfall records judiciously localized on the catchment. Four geographical precise places, equipped with pluviometers, were selected after a statistical study because of their significant impact on the selected study points (Vinça, Thuir, Canohès and Perpignan). These study points are the river flow in Perpignan (main city of the P-O department) and effluent flows of both Perpignan and Canet plants.
The model was carried out by means of artificial intelligence tools allowing a dynamic treatment of information. Elman neural network, thanks to its recurrent connections, allows casting off sliding windows on input vectors. According to its structure, this kind of network learns the past information characterizing subjective inputs. It proved to be a judicious choice by its capability to dynamically exploit the impact, over several days, that a rain phenomenon can have on various studied flows. Indeed, incremented flows, for example, can be picked after the end of the phenomenon. Networks introduced by Elman are simply multi-layer networks with feedback from a layer to inputs [PHA, 99] .
For this work, the Elman network structure has been adapted, as it is shown on Fig. 4 , in order to exploit and treat, as well as possible, considered system dynamics. Thus, to carry out the Têt flow prediction in Perpignan at the day d+1, the network uses the previous day pluviometry knowledge (i.e. day d) and past flows (i.e. The major interest of this model lies in its capability to predict high peaks. Fig. 5 illustrates very clearly the performance of this model. As much of other Mediterranean coastal rivers, the hydrological system of the Têt river presents lowest water level long periods, intercepted by violent and devastating short rising period. This contrasted system, is precisely one of the main reason for which the researchers are interested in the coastal rivers like the Têt. Most of the solid contributions to the sea is carried out during these flash-risings which are difficult to follow with both tradionnal sampling strategies and reliable mathematical models. The first studies, done on this catchment area, illustrate that more than 50% of suspended solid contributions to the Têt during the 20 last years only occurred in less than 15 days. This is significant because most of river polluants are associated with particulate transport. It is thus very difficult to proceed to water quality evaluations if there is no automated and closed measurements [SER, 01] .
B. Quality predictive model
This stage concerns the development of the predictive model allowing to estimate, in real time, characteristic parameters of the effluents biological state (BOD, COD, SS and NH 4 ). These parameters are very difficult to measure on line. Effluents rejected by Perpignan and Canet En Roussillon treatment stations have an impact on the river biological state. Only easily measurable parameters are used as network inputs (influent flow, dissolved oxygen and air injected into the biological tanks) allowing an easy implementation.
Linear approximation networks are too restrictive to treat such a process and non-linear approximation networks offer much greater capability.
The influence on the learning phase of the two following user-definable parameters was also studied:
• The number of iterations completed during the training phase
• The number of neurones placed in the network-hidden layer.
Thus, the objective is to use as many hidden neurones and iterations as needed for convergence without inhibiting the ability of the network to generalize. So the network will able to focus on the important features in the data rather than fitting the noise, an inherent component of any environmental field data set.
A pre-processing phase to treat the data using K-Means clustering and Principal Component Analysis (PCA) was carried out before the neuronal prediction in order to improve the results obtained from real data characterizing a strongly non-linear process. The K-Means algorithm divides the observations constituting a data file in K independent clusters and specifies to which clusters each observation is assigned. Each data file observation is considered as an object localized in space. The algorithm implements a partition based on the fact that objects belonging to a cluster are as close as possible and as far as possible from objects pertaining to other clusters. The used distance parameter is the squared Euclidean distance. This technique allowed carrying out a fractional network training in order to facilitate the phenomena comprehension.
The principal components analysis is a factorial analysis method, which enables to reduce a complex system of correlations to a smaller number of dimensions. During a phenomenon study, several variables can be correlated or be of weak interest. In this case, it is judicious to use multivariate statistical methods. The PCA main purpose is to reduce the number of variables in order to obtain new synthetic variables and to carry out geometrical representations.
The real time estimation of parameters characterizing the biological state of the effluents rejected in the river by Perpignan and Canet plants proved to be satisfactory. The obtained information is sufficiently precise and exploitable for the monitoring of the river biological state. Indeed, knowing the water biological state at Perpignan and Canet plants exits makes it possible to estimate the impact on the environment and the self-purification river capability between these two plants. Fig. 6 depicts an example of COD predictions considering the Perpignan plant effluent, using the trained multi-level perceptron. The number of iterations carried out during the training phase and the number of hidden neurons were optimised. 
C. Real time supervision
The models developed allows a parameters quality prediction at th e WWTPs exit of perpignan. In order to have access to every data, a GIS was thus chosen. The principal interest of a GIS comes from its ability to relate different information in a spatial context and to reach a conclusion about this relationship [TOD, 02] .
This stage aims grouping all available information by using a tool able to display and manage in real time both geographical information and qualitative or quantitative carried out predictions. The GIS ArcView was thus used. In order to exploit such a tool, it is necessary to structure the used information. For that, data are integrated like a superposable and thematic layers concept, where each layer provides precise geographical information related to the appropriate environment (Fig. 7) . Themes are linked together by using the data geographical coordinates. By its structuring and graphic organizing elements capability, it is currently the most effective and used tool. Beforehand, the studied area was mapped and georeferenced. In order to draw the hydrographic network, a Digital terrain Model (DTM) was used to extract the physical caracteristic parameters of the river e.g. slope, elevation, etc.... These parameters bring an important information to understand the river flow development. After that, it is possible to localized a precise point because all the data, in the Geo Data Base (DGB) are georeferenced. So, each study point i.e. Têt flow at Perpignan and the WWTP Entry/Exit of Perpignan are precisely localized and may be vizualized at any moment. Confronted to spatial problematics, ArcView provides a framework of "assistance for decision-making" and makes it possible to react in real time to emergency situations, because it allows to know in real time and at any point the river state.
The GIS, with its own programming language, makes it possible to treat the used prediction programs as themes [THU, 02] . So, the integration of these prediction tools takes an important part in the GIS, making it possible to obtain a single system gathering all information related to the studied area. Consequently, it is possible to know the river state by means of flows, biological state of WWTPs rejects and the impact they have on environment.
IV. CONCLUSION
At the end of this work, a powerful monitoring tool concerning the catchment's area of the Têt River has been developed. The adopted stages allowed the development of a neural "rain flow" model using daily measurements and allowing the forecast of strong Têt flow, Perpignan and Canet WWTP influent flows increments. A qualitative neural model allowing the estimation of parameters, not easily on line measurable and characterizing the plants rejections biological state supplements the "rain flow" model. This knowledge makes it possible to estimate the river water quality. All of these tools are integrated in a GIS bringing the dynamic part of the study.
The catchment area is not considered as a whole, this study focused on the upstream part of the bassin. The first reason is that its two parts are very opposed. Certain information of the mountainous side have to be taken into account but not necessarily in the plain side. The second reason is that current data collected by administratives offices are not in a sufficient number to carry out any prediction or supervision.
The results presented in this paper seems to be good, if every flow incrementation is due to rain phenomenon. It is so impossible to really know the true impact of the rain on the flow.
The catchment's area topographic delimitation is used in order to display in real time all specific information related to rain, flow and quality. So, the GIS makes it possible to react at any time in case of emergency situations.
